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OA patients. This may give insight in the different factors which
dominate contrast uptake in the meniscus and cartilage in an OA knee.
Methods: We analyzed data of 17 knee OA patients (KL grade I and II)
previously used to investigate the reproducibility of dGEMRIC. All
examinations were performed on a 3 Tesla MRI scanner using a custom
made open design 3-channel knee coil, enabling imaging of large
diameter OA knees. T1GD relaxation times in the anterior (antM) and
posterior horn (postM) of the meniscus and in the adjacent weight-
bearing femoral (wbFC) and tibial (wbTP) cartilage in the medial and
lateral tibiofemoral compartment were calculated in manually drawn
regions of interest. T1GD values in all regions (meniscus and cartilage)
in the medial and lateral compartment were compared using theMann-
Whitney test. In addition, the correlation coefﬁcients between T1GD
values of the meniscus and cartilage were calculated to assess the
relation between degeneration of both structures.
Results:Median meniscus and cartilage T1GD values in the medial and
lateral tibiofemoral joint are listed in Table 1. The correlation between
T1GD values in the meniscus and adjacent cartilage regions was
moderate in the lateral and strong in the medial tibiofemoral
compartment (Table 2). An example of a meniscus and adjacent carti-
lage with relatively low T1GD values and a meniscus with adjacent
cartilage with relatively high T1GD values is shown in Figure 1.Table 2
Correlation between T1 GD of meniscus and adjacent cartilage with 95% CI.
Lateral compartment wbFC wbTP
antM R ¼ 0.78 95% CI ¼ 0.48-0.92 R ¼ 0.75 95% CI ¼ 0.42 - 0.90
postM R ¼ 0.73 95% CI ¼ 0.38-0.89 R ¼ 0.73 95% CI ¼ 0.38 - 0.90
Medial compartment wbFC wbTP
anIM R ¼ 0.95 95% CI ¼ 0.86-0.98 R ¼ 0.88 95% CI ¼ 0.68 - 0.95
postM R ¼ 0.88 95% CI ¼ 0.69-0.96 R ¼ 0.83 95% CI ¼ 0.57 - 0.94
Table I
Median T1GD values with 25th - 75th percentile
Region Lateral compartment Medial compartment P
antMT1GD (ms) 413 (375 -435) 350 (315-485) ns
postM T1GD(ms) 404 (330-441) 382 (314-355) ns
wbFC T1GD (ms) 510 (466-574) 433 (410-506) 0.04
wbTP T1gd (ms) 607 (463 - 664) 465 (430 - 566) 0.04Figure 1. Example of m eniscus with adjacent cartilage with relatively high and
low T1GD.Conclusions: The results of the present study show a strong correlation
betweenmeniscus and cartilage T1 values after intravenous injection of
an ionic contrast agent. This observation suggests a similar degree of
degeneration of meniscus and cartilage in OA, which is in agreement
with previous research using conventional MRI scores as measure for
degeneration. However, the strong relation between ionic contrast
uptake in the meniscus and cartilage together with the knowledge that
contrast uptake in the meniscus is mainly based on collagen network
integrity and not on the ﬁxed charge density, suggests that dGEMRIC
may not be as sGAG speciﬁc as thought before. Cartilage collagen
integrity and/or orientation may also inﬂuence ionic contrast uptake in
OA cartilage. This hypothesis is being supported by recent work of other
groups. Therefore, dGEMRIC T1GD outcomes in knee OA must be
interpreted with caution in future investigations.
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SCHEUERMANN'S DISEASE: EVALUATION OF RADIOLOGICAL
CRITERIA AND POPULATION PREVALENCE
L. Oei, A.A. Makurthou, S. El Saddy, S.J. Breda, M.C. Castaño-
Betancourt, A. Hofman, J.B. van Meurs, A.G. Uitterlinden, F.
Rivadeneira, E.H. Oei. Erasmus MC, Rotterdam, The Netherlands
Purpose: Scheuermann's disease is a form of osteochondrosis of the
spine, characterized by increased posterior rounding of the thoracic
spine with structural deformity of the vertebral elements. Different
expert-opinion based radiological criteria have been suggested for
diagnosing Scheuermann's disease, yet these have not been validated.
The prevalence of Scheuermann's disease in the general population
reported ranges from 1% to 10%. Our aim was to determine the preva-
lence of Scheuermann's disease in a Dutch population and evaluate the
consistency of radiographic diagnostic criteria.
Methods: The youngest cohort of the population-based Rotterdam
Study (RS-III) including 2,753 participants aged 45-89 years was radio-
logically assessed for Scheuermann's disease criteria. Vertebral body
endplate irregularities, vertebral wedging, and thoracic kyphosis angle
were evaluated on thoracolumbar lateral spine radiographs. The radio-
graphic criteria of Sørensen and Sachs et al. were applied in two phases
to diagnose Scheuermann's disease. In the ﬁrst phase, we distinguished
potential cases from normal radiographs based on vertebral wedging at
a minimum of three vertebral levels and presence of vertebral body
endplate irregularities. Cohen's kappa statisticswere calculated for inter-
rater agreement of these individual criteria. Next, we re-evaluated these
potential cases by measuring the thoracic kyphosis angle to diagnose
Scheuermann's disease and the disease prevalence was estimated.
Additionally, we evaluated the impact of varying the kyphosis angle
criterion on prevalence estimation of Scheuermann's disease. Sex-
combined and gender-speciﬁc prevalence estimates were calculated and
gender differences were tested with Pearson's chi-square test.
Results: Of the 2,753 participants, 677 individuals (24.6%) had endplate
irregularities and 140 (5.1%) had vertebral wedging. Of these, 127 had
both criteria. These abnormalities were signiﬁcantly more prevalent
among men (p<0.05). The inter-rater agreement was substantial with
kappa statistics of 78.8% for vertebral wedging and 79.4% for endplate
irregularity. In addition, 111 of those fulﬁlling both diagnostic criteria
had a kyphosis angle greater than 45 degrees, resulting in a prevalence
estimate of 4.0% (95% CI:3.3%-4.7%) of Scheuermann's disease. The
disease prevalence was 4.5% in men vs. 3.6% in women, yet this differ-
ence was not statistically signiﬁcant (p¼0.23). In addition, we evaluated
the impact of varying diagnostic criteria on prevalence estimation of
Scheuermann's disease. By adjusting the kyphosis angle criterion from
45 degrees to 40 or 35 degrees, we found that this would increase the
total number of Scheuermann's disease cases marginally (115 and 121,
resp 4.4% [3.6%-5.2%], respectively) for the total population.
Conclusions: Our results revealed a prevalence estimate of 4.0% of
Scheuermann's disease in Dutch individuals aged 45 years and over.
Even though there is no current gold standard for the radiographic
deﬁnition, standardized scoring of independent features resulted in
substantial inter-observer agreement, and different applications of
diagnostic criteria did not signiﬁcantly alter disease classiﬁcation.
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EARLY CARTILAGE INJURY QUANTIFIED AND CHARACTERIZED WITH
MULTIPHOTON MICROSCOPY IMAGING
K.D. Novakofski, R.M. Williams, L.J. Bonassar, L.A. Fortier. Cornell Univ.,
Ithaca, NY, USA
Table 1
Mean peak load (SE), mean peak displacement (SE), andmean percent-difference
between the long- and short-axis (SE) in circular (n¼7) and elliptical (n¼4)
damage patterns.
Load (N) Displacement (mm) Axes; Difference (%)
Circular 117.70  0.02 367.1  50.8 15.2  1.8
Elliptical 117.70  0.02 372.5  29.7 74.4  32.7
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312 S183Purpose: Detecting cartilage damage immediately following trauma
could allow for early intervention and the subsequent prevention of
post-traumatic osteoarthritis (PTOA) development. Current clinical
imaging modalities do not have cellular resolution to detect subtle
structural changes or chondrocyte viability. Multiphoton microscopy
(MPM) can acquire micron resolution structural and biological infor-
mation in live tissues. The purpose of this study was to utilize MPM
imaging with FDA-approved angioscopic ﬂuorescein dye to characterize
the viability of early cartilage damage to further understand the early
pathophysiology of PTOA.
Methods: Osteochondral blocks from the distal metacarpi of horses
aged 4-6 years were placed in a custom-designed holder on an
EnduraTEC ELF3200 mechanical test frame (EnduraTEC). The articular
surface of each medial condyle was injured with a single compressive
load of 30 MPa via a 2.25 mm ﬂat ended cylindrical indenter within 1
sec to model traumatic injury. The lateral condyle served as the control.
After 1 hour, blocks were placed in 1 mM ﬂuorescein sodium (AK-FLUOR
25%, Akorn) and imaged with MPM. Emission spectra was collected and
quantiﬁed using custom image analysis code in MATLAB (MathWorks)
to determine chondrocyte viability and spatial distribution.
Results: Within one hour of damage, MPM imaging demonstrated
signiﬁcantly increased chondrocyte death (p<0.001, as assayed by dye
penetration through ruptured membranes), autoﬂuorescent signatures,
and micro-cracks when compared to controls (Figure 1). Reconstructed
MPM data revealed that cell death (Figure 2) occurred in either
a circular pattern corresponding to a region around the perimeter of the
indenter, or in an elliptical pattern (Table 1).
Conclusions: MPM reveals cellular and matrix damage in live cartilage
and reveals novel ﬁndings relevant to early PTOA pathophysiology. The
reconstructed 3-D pattern of death-dissemination and the develop-
ment of autoﬂuorescent signatures following trauma could serve as
optical biomarkers for early PTOA and are below the resolution of other
imaging modalities that can be used on live tissue. Adaptation of MPM
to in vivo imaging is in progress and has the potential to further
elucidate the early events of PTOA.
Figure 1. MPM of control and injured samples. Control samples typically contained
few ﬂuorescein-stained cells, while injured samples typically contained ﬂuorescein-
stained cells, autoﬂuorescent structures, and cracks.
Figure 2. 3-D reconstruction of control and injured cartilage from n¼1 sample. Each
point represents a single dead chondrocyte. The total volume scanned was a checker-
board of volumetric Z-scans, with 10 images at 10 mm-step intervals. An image such as
that in Figure 1 represents 1.6% of the area in Figure 2.349
RADIOLOGIC PROGRESSION IN HAND OSTEOARTHRITIS (OA) OVER
2.6 YEARS - DATA FROM THE SEKOIA TRIAL
E. Maheu y, C. Cadet z, F. Berenbaum y. yRheumatology Dept, St Antoine
Hosp., AP-HP Paris, Paris, France; zRheumatologist, Private practice,
Paris, France
Purpose: Hand OA is a frequent polyarticular disease. Few is known
with respect to its radiological progression over time, which in addition
is difﬁcult to assess, considering that no radiographic scoring method
has, today, proved being superior to another. The goal of this study was
to assess hand OA radiological progression over 3 years using three
validated scoring methods.
Methods: Data came from an international 3-year, randomized,
placebo-controlled phase III trial designed to assess the effect of
strontium ranelate compared to placebo on the radiographic progres-
sion of knee OAwhich included symptomatic primary knee OA patients
(ACR criteria) at a Kellgren-Lawrence (KL) grade II or III, with a minimal
joint space width (JSW) between 2.5-5 mm. During this trial, baseline
and ﬁnal postero-anterior radiographs of each hand were performed.
Symptoms were assessed using the functional index for Hand OA
(FIHOA; range 0-30) and the AUSCAN (0-300). Two independent
readers scored half of the pairs of radiographs obtained each, blinded to
treatment and time sequence, using the KL (range 0-128), Kallman (0-
204) and Verbruggen anatomical phase (0-218) scoring methods with
a good inter-rater reproducibility. Hand OA radiographic progression
was studied in the placebo group by looking at 1/ baseline-end changes
in global scores, 2/ the numbers of progressors (progression deﬁned for
each global score by a change over each reader's smallest detectable
difference (SDD)), and 3/ the number of patients inwhom at least 1 joint
showed a deterioration (from KL0-1 to KL2; progression of 1 phase
for Verbruggen score).
Results:Of 1669 patients included in the SEKOIA trial, 1371 had baseline
hand radiographs of whom 999 had radiologic hand OA: 73%. 297
patients in the placebo group had baseline and post-baseline radio-
graphs. 72% were female, mean age 647 years, body mass index
29.55 kg/m2, and initial knee JSW 3.50.8 mm. Baseline hand OA
radiologic severity was mild: KL score 2113, Kallman score 2421 and
Verbruggen score 1314. FIHOA scorewas 45, Auscan global scorewas
96+80. Mean time interval between baseline and ﬁnal radiographs was
31.5 months. Hand OA radiographic progression over 2.6 years was
modest with amean change of 2.43.3 for KL score, 3.75.3 for Kallman
score and 2.04.0 for Verbruggen score.
The numbers (%) of progressors (changeSDD) were 7 (2%), 17 (6%), and
21 (7%) respectively.
The numbers (%) of patients with at least 1 worsened joint were 169
(57%) for KL and 139 (47%) for Verbruggen score, with respective means
of 2.01.3 and 1.71.1 worsening joint.
Conclusions: Whatever the radiological scoring method used, and the
kind of analysis performed, mild radiographic hand OA patients showed
a very weak global radiological progression over 2.6 years. In future
structure-modiﬁcation trials in hand OA, analysing the number of patients
with at least one joint worsening could be the most sensitive method.
350
RATES AND SENSITIVITY OF KNEE CARTILAGE LOSS IN
RADIOGRAPHIC DISEASE STRATA - CENTRAL VERSUS SITE
READINGS FROM THE OSTEOARTHRITIS INITIATIVE
S. Maschek y,z, W. Wirth y,z, M. Nevitt x, F. Eckstein y,z. for the OAI
investigatorsyChondrometrics GmbH, Ainring, Germany; z Paracelsus
Med. Univ., Salzburg, Austria; xOIA Coordinating Ctr., UCSF, San
Francisco, CA, USA
Purpose: Previous studies showed a weak relationship of mild vs.
moderate joint space narrowing (speciﬁcally OARSI JSN grades 1/2)
with knee pain and the body mass index (BMI). In the Osteoarthritis
